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Abstract. We present a general picture of the ongoing formation and evolution of early-type 
galaxies via a specific evolutionary sequence starting in the blue cloud and ending in the low-mass 
end of the red sequence. This evolutionary sequence includes a Seyfert AGN phase in the green 
valley, but this phase occurs too late after the shutdown of star formation to be responsible for it. 
Thus, the bulk of black hole accretion in low-redshift early-type galaxies occurs in post-starburst 
objects, and not concurrent with star formation. On the other hand, a low-luminosity AGN phase 
switching on at an earlier stage when some star formation activity remains may be responsible for 
destroying the molecular gas reservoir fueling star formation. 
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INTRODUCTION 

When selected purely by morphology, the population of early-type galaxies in the 
local Universe includes a substantial subset of objects that are not passively evolving. 
These active early-type galaxies may host current or recent star formation as well as 
ongoing black hole growth. Due to their nature, these active early-type galaxies represent 
a window onto the ongoing formation and evolution of spheroidal galaxies and the 
connection between star formation and black hole growth (OlSyl]). 



MIGRATION FROM THE BLUE CLOUD TO THE RED 

SEQUENCE 

SDSS reveals a strong association between the dominant source of gas ionization de- 
termined via emission line ratio diagrams and galaxy properties (e.g., star formation, 
Seyfert AGN, LINERs, AGN+SF composites; e.g., Baldwin et al. 6, Kewley et al. 0). 
Schawinski et al. [2] showed that the active early-type galaxy population whose nebular 
emission lines are dominated by star formation only cluster strongly in the blue cloud 
at relatively low stellar masses (see Figured)). Early-type galaxies where AGN and star 
formation have roughly equal impact on the ionized gas occupy roughly the same mass 
range, but have redder optical colors. Redder yet, at the same mass, are the Seyfert AGN 
- they perfectly occupy the green valley. LINERs cluster predominantly in massive red 
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FIGURE 1. Color-mass diagrams for the MOSES sample of early-type galaxies (Schawinski et al. 
10]). In each panel, the gray points are the non-early-type galaxy population while the orange points 
are quiescent early-type galaxies without detectable emission lines. The colored points in each panel are 
early-type galaxies with emission lines, separated by diagnostic diagrams ((0, 01). The star-forming 
early-types (blue) reside in the blue cloud, the AGN+SF composites (TRO) have similar masses, but 
redder optical colors. The Seyfert AGN are redder yet. Some LINERs have similar masses and even 
redder colors, while the majority of them reside in massive red sequence early-type galaxies. 



sequence early-type galaxies, but at the low masses characteristic of the other active 
early-types, they straddle the low mass end of the red sequence. 

If we take u — r optical color as a proxy for stellar age, then this observational picture 
implies an evolutionary time sequence for low-mass early-type galaxies starting from 
star formation in the blue cloud followed by the commencement of black hole accretion 
accompanied by a decline in star formation rate resulting in an optically 'green' AGN 
host galaxy. As the underlying stellar population ages further, the galaxy then settles onto 
the low-mass end of the red sequence, exhibiting a LINER phase driven most likely by 
post-AGB stars (e.g., flU) for a while before settling into passive evolution on the red 
sequence. 

However, the interpretation of u — r optical color as an age proxy is not unique. There 
are many plausible star formation histories that could give rise, for example, to the 
green optical colors seen in Seyfert AGN host galaxies that are in no way connected 
to either the star-forming blue early-types on the one hand, or the most recent arrivals 
on the low mass end of the red sequence on the other. More detailed work on the star 
formation histories of objects along this putative sequence is required to establish this 
evolutionary link, e.g. studies as performed by Schawinski et al. (2D. By taking into 
account information from the UV-optical-NIR broad-band SED (from GALEX, SDSS 
and 2MASS, respectively) and the stellar absorption (Lick) indices, they showed that 
the active early-type galaxies at fixed (low) mass (excluding the high-mass LINERs) 
all share the same recent star formation history: they all experienced a substantial 
recent burst of star formation in which 1-10% of the stellar mass was formed; the only 
difference in objects with different emission line classifications is the time elapsed since 
this burst. Marginalizing over all nuisance parameters to recover the typical age of each 
phase yields the time sequence shown in Figure [2l 
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FIGURE 2. The evolutionary sequence for low-mass early-type galaxies with velocity dispersions less 
than 100 kms -1 . Early-type galaxies pass through these phases on their way from the blue cloud to the 
red sequence. Note that the pure Seyfert AGN phase occurs several hundred Myr after the end of star 
formation (from 12[]). 



The evolutionary sequence presented in Figure^chaHenges scenarios where a luminous 
AGN phase is responsible for the shutdown of star formation by destroying the gas reser- 
voir fueling the burst of star formation, as the Seyfert AGN phase occurs several hundred 
million years after the end of substantial star formation (see also $$\). Seyfert AGN in 
early-type galaxies always occur in galaxies with post-starburst stellar populations. This 
observation rules out the Seyfert AGN as the agent that transforms blue early-type galax- 
ies into red sequence objects. However, the AGN appears as a low-luminosity object at 
earlier times in the AGN+SF phase. Is this the phase along the evolutionary sequence 
where star formation is shut down? 

Schawinski et al. [3] observed the CO (1 — > 0) and CO (2 — > 1) transition using the 
IRAM 30m telescope in a sample of objects along the evolutionary sequence to measure 
the amount of cold molecular gas present at each phase. They find that the star-forming 
early-types at the start of the sequence have ample molecular gas reservoirs of ~ 10 9 M Q , 
while all four Seyfert AGN do not yield any detections. It is within the AGN+SF phase 
that the molecular gas reservoirs are destroyed. In fact, the drop in molecular gas mass is 
so rapid that it cannot be accounted for by gas consumption due to star formation alone 
assuming the Schmidt law. The evidence thus points to an additional process active 
during the AGN+SF phase destroying the molecular gas reservoir and thus suppressing 
star formation. If we identify this process with the action of the AGN, then perhaps 
the low-luminosity AGN phase in the AGN+SF composites is radiatively inefficient, 
and therefore allows the remaining star formation to be visible in the emission lines, 
and does most of its work in a kinetic mode as a RIAF/ADAF (radiatively inefficient 
accretion disk/ad vection dominated accretion flow; llOfl). 



DO AGN SUPPRESS STAR FORMATION? 



SUMMARY 



We have presented a general picture of the ongoing formation and evolution of early- 
type galaxies via a specific evolutionary sequence starting in the blue cloud and ending 
on the low-mass end of the red sequence. This evolutionary sequence includes a Seyfert 
AGN phase in the green valley, but this phase occurs too late after the shutdown of 
star formation to be responsible for it. Thus, the bulk of black hole accretion in low- 
redshift early-type galaxies occurs in post-starburst objects, and not concurrent with star 
formation. On the other hand, a low-luminosity AGN phase switching on at an earlier 
stage when some star formation activity remains may be responsible for destroying the 
molecular gas reservoir fueling star formation. 
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